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r<A^ APPARATUS FOR CRUSHING ROCK MATERIAL 
A® TOeSiSlI^G complex SONIC WAVE 
ACTION 



(71) I, Albert George Bodine, a On- 
zen of the United States of Amenca, of 7877 
Woodley Avenue, Van Nuys, CaMoinia, 
United States of America, do hereby dedarc 

5 the invention, for which we pray that a 
patent may be granted to me, an4 ^^^^^f 
by which it is to be perfonncd to be par- 
tkularly described in and by the followmg 
statement: — ^ ^ 

10 This invention relates to apparatus for 
crushing rock material and the hke uuhzmg 
complex sonic wave action and more particu- 
larly to such apparatus in which some energy 
is used both to crush the material and to 

15 efficiently feed such material, through the 

^I? my "^British Patent Specification No. 
1,153,076 an apparatus is described m which 
sonic energy is applied to one or both of a 
20 pair of crushing jaws which form part ot a 
resonant vibration drcmt. Rock material to 
be crushed is passed between the jaws trough 
a wedge-shaped passage f onned therebetween 
Ld aaed tlon ^ such energy so that sudi 
25 rock material Is efficiently oushed to a par- 
ticle size detcnnined by the dimensions of 
the exit end of the passage. In f^id 
apparatus the sonic energy is «f ^^^ted al^^^ 
a dngle axis so as to cause solely lon^udmal 
30 jaw Nation, this in interests of obtaming 
inaxhnum utilization of the some ener^ for 
the crushing operation. It has now been found 
Sat while the use of such a single-axis vib- 
mor7mode provides highly cffiaent crushing 
35 action, ccrtam difficulties arc encountered m 
some situations in property passing ™ rocK 
material through the wedge-shaped ]aws, m 
some cases the rock material P0PPi°g ^^^^ 
of the jaws. Further, in dependmg soFely upon 
40 gravity feed, the taper angle of the eed pa^- 
fgt must be limited in the interests of effi- 
cient feed-through, thus placmg a distinct limi- 
tation on the particle size reduction capabih- 
tics of the crushing apparatus. 
45 The apparatus of this invention, by utiliz- 
ing a complex force wave pattern havmg a 
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downward thrusting force component, enables 
a substantial increase in tiie tiiroughput of ^e 
material bdng crushed and makes possible toe 
utilization of a substantially wider angle be- w 
tween the crushing jaws tiiereby increasmg 
the rock particle size reduction capabihues 
of the apparatus. In addition, the problons 
encountered with rock material being forced 
upwardly out from between tiie crushmg )aws 33 
in tiie crushmg process are substantially eli- 
minated by virtue of the downward foice 
components. 
The improvement is achieved m the appa- 
tus of this invention by portioning, oper- w 



ratus wji V *^ - 

ating and designing the force generation sys- 
tem to produce a complex alternating force 
output including botii longitudinal and mns- 
versc force components. In certam embodi- 
mcnts of the device of tiie invention complex od 
wave motion having relatively large-amphtude 
longitudinal components as compared mm the 
transverse components are utilized while m 
otiier embodiments, apparatus for generating 
forces having transverse components of tne /w 
same order of tiie longitudinal components 
tiiereof are described, the particular type ot 
complex wave action utilized dependmg xxpon 
tiie particular application reqmremente m- 
volved. In certain embodiments of tiic device 75 
of tiie invention, the orbiting mass osciUator 
units which arc utilized to generate the some 
energy arc mounted right in tiie jaws tiiem- 
sdves to enable the efficient tinvmg of sudi 
oscillator units with a short shaft from tfte w 

single drive motor. 

Specific embodiments of this invention wiU 
now be described, by way of example, and 
referrmg to tiic accompanymg drawmgs, 
wherein: 

Fig. 1 is a top plan view of a first embodi- 
ment of the device of the invention; 

Fig. 2 is a side elevational view in cross- 
section of tile embodiment shown in Fig. 1; 

Fig 3 is a side elevational view m cross- 
section of an osdllator unit that may be uti- 
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lized in the embodiment of Figs. 1 and 

2; ... 

Fig. 4 is a side elevational view m cross- 
section of an oscillator unit that may be uti- 
5 lized in lieu of the dual oscillator shown in 
connection with the first cmbodimcni of the 
device of the invention; 

Fig. 5 is a drawing illustrating the basic 
structural components of a second embodiment 
10 cf the device of the invention; 

Fig. 6 is a drawing iliusuating the basic 
structural components of a third embodiment 
of the device of the invenuon; 
Fig. 7 is a top plan view with panial cut- 
15 away section of a fourth embodiment of the 
device of the invention; 

Fig. 8 is a cross-sectional view taken along 
a plane indicated by 8—8 of Fig. 7; and 
Fig. 9 is a cross-sectionai view in eleva- 
20 tion illustrating a replaceable jaw device that 
may be utilized in conjunction with the em- 
bodiment of Figs. 7 and 8. 

It has been found that most helpful in ana- 
lyzing the operation of the device of this 
25 invention to analogize the acoustically vibrat- 
ing circuit involved to an equivalent electrical 
circuit. This son of approach to analysis is 
well known to those skilled in the art and 
is described, for example, in Chapter 2, of 
30 Sonics, by Hutcr and Bolt, published in 1955 
by John Wiley and Sons. In making such an 
analogy, force, F, is equated with elearical 
voltage, E; velocity of vibration, u, is equated 
with electrical current, i; mechanical compli- 
35 ance, Q,, is equated with electrical capadt- 
ance, Q.; mass, M, is equated with electrical 
inductance^ L; mechanical resistance (friction), 
Rm, is equated with electrical resistance, R; 
and mechanical impedance, Zm> is equated 
40 with electrical impedance, Z«. 

Thus, it can be shown that if a mem- 
ber is clastically vibrated by means of an 
acoustical sinusoidal force, F„ sin '*>t, (w being 
equal to 2=- times the frequency of vibration), 
45 that 

1 Fa sin wt 
Z„.=R„+i(u»M— ^)= (1) 

oCm U 
1 

Where wAI is equal to , a resonant con- 

dilion exists, and the effective mecham'cal im- 
pedance, Z„„ is equal to the mechanical resis- 
50 tancc, Ra,, the reactive impedance components 
1 

I 'M and cancelling each other out. 

Under such a resonant condition, velocity of 
vibration, u, is at a maximum, power factor 
is unity, and energy is most effidently dc- 
55 livered to a load to which the resonant sys- 
tem may be coupled. 
It is important to note die significance of 



the attainment of high acoustical " Q" in 
the resonant system being driven, to increase 
the efficiency of die vibration thereof and 60 
to provide a maximum amount of energy for 
the grinding operation. As for an equivalent 
electrical circuit, the "Q" of an acoustical 
vibration circuit is defined as the sharpness 
of resonance thereof and is indicative^ of the 65 
ratio of the energy stored in each vibration 
cycle to the energy used in each such cycle. 
" Q " is mathemadcally equated to the ratio 
between mJA and R.„(»'>o=2:rf«, in which 
f., is the resonance frequency of vibration. 70 
Thus, the effecu've "Q" of the vibrating 
drcuit can be maximized to make for highly 
efficient high amplitude vibration by mini- 
mizing the effect of friction in the circuit and/ 
or maximizing the effect of mass in such 75 
circuit. 

Of significance in the implementation of 
the method and devices of this invention, is 
the high acceleration of the components of 
the elastic resonant system that can be achieved W 
at sonic frequencies. The acceleration of a vib- 
rating mass is a function of the square of 
the frequency of the drive signal times the 
amplitude of vibration. This can be shown 
as follows: 85 

The instantaneous displacement, y, of a 
sinusoidally vibrating mass can be represented 
by the following equauon: 

y=Y cos wt (2) 

where Y is the maximum displacement in the 90 
vibration cycle and w is equal to 2»'f, f being 
the frequency of vibration. 

The accclcrauon, a, of the mass can be 
obtained by differentiating equation (2) twice, 
as follows: ^ 

d-y 

a= = ~Yw- cos {<«i) (3) 

dt* 

The accelerauon, a, thus is a function of 
Y(2Trf)'. At resonance, Y is at a maximum 
and thus even at moderately high sonic fre- 
quendes, very high accelerations are achieved 100 
making for correspondingly high vibrational 
forces at the grinding interfaces. 

In considering the significance of the para- 
meters described in connection with equation 
(1), it should be kept in mind that the total 105 
effective resistance, mass, and compliance in 
the acoustical vibration circuit are represented 
in the equation and that these parameters 
may be distributed throu^ut the system 
rather than beiuR lumped in any one com- HO 
ponent or portion thereof. 

It is also to be noted that an orbiting mass 
oscillator may be utilized in the device of 
the invention that automatically adjusts its 
output frequency to maintain resonance with 115 
changes in the characteristics of the load. Thus, 
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in the face of changes in the effective mass 
and compliance presented by the load, the 
system automatically is maintained in optimum 
resonant operation by virtue of the "lock in" 
5 characteristics of applicant's unique orbiting 
mass oscillator. The orbiting mass oscillator 
automatically changes not only its frequency 
but its phase angle and therefore its power 
factor with changes in the resistive impedance 
10 load to assure optimum efficiency of opera- 
tion at all times. 

Referring now to Figs. 1 and 2, a first 
embodiment of the device of the invention 
is illustrated. This first embodiment is struc- 
15 turally the same as one of the embodiments 
described in the aforementioned specification 
except for the phasing of the osdllator rotors. 
Stationary jaw memto 14 which provides a 
high inertia mass is supjjorted on I-beam 
20 support 13 which in turn is mounted on base 
member 10. Jaw member 14 has the inertia 
necessary to withstand or absorb a large 
periodic force impulse in the operation of the 
crushes without substantial yield or vibration. 
25 Mounted opposite stationary jaw member 14 
is vibratory jaw member 15 which is in the 
general form of a rectangular block. Jaw mem- 
ber 15 is supported on I-beam 24 which m 
turn is supported on base member 10. Coupled 
30 to vibratory jaw member 15' by means of 
coupler flange 17 is elastic shaft member 16 
which is preferably made of an elastic steel. 
Shaft member 16 is supported on I-beam sup- 
port 23 which is mounted on base 10 by means 
35 of split mounting block 22. Side straps 23a 
are fastened at oppoatc ends thereof to block 
22 and stationary jaw 14 to steady these 
members. 

Attached to the end of elastic vibratory 
40 shaft 16 is orbiting mass oscillator 20. Orbit- 
ing mass oscillator 20 comprises a casing 35 
having a pair of rotors 63 and 64 mounted 
for rotation in races formed thereon. Rotors 
63 and 64 are driven in c^positc directions 
45 at the same rotation speed by means of motor 
71 throu^ gear train 66. Motor 71 is sup- 
ported on stand 70 which is mounted on 
base 10. 

Referring now additionally to Fig. 3, rotors 
50 63 and 64 are phased with respect to each 
otiier so that one of the rotors is sh^tly 
ahead of the odasr in its rotation cycle. IJus, 
when, for exanq?le, rotor 64 is m the 12 
o'clock" position, rotor 63 may be in me 

55 "7 o'clock" position (instead of the 6 
o'clock" position as in the . aforementioned 
Patent Specification). By offsetting the phasal 
relationship of the rotor in this manner, a 
gyratory force is imparted to elastic vibratory 

60 shaft 16 causing it to vibrate in an elliptical 
patii. The gyratory force pattern can be vec- 
torially resolved into a larger force vector 
along the longitudinal axis of shaft 16 and a 
smaller force veaor transverse to tins longi- 

65 ludinal axis, such force vertors bemg indicated 



by arrows 40 and 41, ieg)ectively. The rota- 
tion speed of motor 71 is adjusted to cause 
resonant vibration of the vibration system in- 
duding shaft 16 and vibratory jaw 15 to set 
up a standing wave pattern in shaft 16 as indi- 70 
cated by graph lines 42 with a velocity anti- 
node indicated by "V" at the oscillator end 
of the shaft being transformed into a rela- 
tively low velocity indicated by " V " at the 
end of the shaft coupled to the high mass 75 
crushing jaw 15. 

Sonic generator 20 may be of a type des- 
cribed m U.S. Patent Specification No. 
3,217,551 which is illustrated schematically 
in Fig. 3. Briefly, this oscillator comprises 80 
a pair of rotors 63 and 64 which are mounted 
in housing 35 for rotation about separate races 
38 and 39 formed by the inner walls of the 
housing. The rotors have gear rings 45 and 
46 attached thereto which matingly engage 85 
gear rings 47 and 48, respectively, formed 
in the housing. Rotors 63 and 64 are driven 
in opposite directions by means of motor 71 
which drives gear tram 66 which in turn is 
coupled to shafts 53 and 54 through universal 90 
joims 59 and 56 respectively. Shafts 53 and 
54 are coupled to rotors 64 and 63, respw- 
tively, through universal joints 58 and 55. As 
already noted, rotors 63 and 64 arc phas^y 
arranged with respect to each other so that V5 
while a large part of the transverse vibra- 
tional components effectively cancel each 
other out, leaving a predominantly longitu- 
dinal vibration mode in the output, there still 
remains a significant amount of transverse 100 
vibrational component as indicated by arrows 
41, the importance of which will now be 
explained in connection with Fig. 2. 

Rock material 32 to be crushed is fed iiito 
hopper 26 from feeder 31. This matcn^ 105 
passes from the hopper into a wedge-shaped 
passage formed beween the sloped wall 14a 
of stationary jaw member 14 and the straight 
wall 15a of vibratory jaw member 15. Jaw 
member 15 resonantiy vibrates towards and 110 
away from jaw member 14a in the direcnons 
indicated by arrows 40 with relatively high 
force. The vibratory energy is transferred to 
tiie rock material and the rock material is 
rapidly fatigued and shattered. At tiie same 115 
time as the force component 40 of die reson- 
ant vibrational energy is achieving the crushing 
action, the force component 41 acts to move 
die rock material downwardly through the 
jaws and is phased witii a sort of " pawing 120 
aaion. Thus the rock material is kept mov- 
ing through the jaws in an efficient manner. 

If a greater downward force component is 
desired as, for example, where greater througji- 
put is required or greater rwuction m the 125 
particle size of die rock material is to be 
achieved with jaws having a wider angle, a 
single oscillator unit may be utilized as shown 
in Fig. 4 in place of the dual oscillator umt 
of Fig. 3. The single rotor 64 is driven by 130 
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^it IS in the ^he greater 

ment of <l«^^yL*%'^rSte orbit- 
trated. In this embodment, t*o sep«^^^ 

ing mass oscillators 80 /^l/gyand 84 res- 

L R7 r«Dectively. Resonant bars 83 and 84 
and 87 -i-t-d support members 

bar members. IWs - ^.u jaw 

substantially g lows' 92 

members 86 and 87 as '"J^^^f^Py, .sonant 
and 93, «spea.vel ^ each of the bar mem- 
vibration IS set uo '° tern 96 while 
bers as indicated bv r«o«ant^^^^^^^^^ 
transverse standmit 97. This 
therein as indicated ^^^J^Zxin view 
embodiment has an ^^'^. circular motion 
40 of the cooperative S"b"anuauv c«^^^^^^^^ 

of the jaws xebtive sh'^'^R.f ^^cing friction 
is avoided, thereby B'fX iaw faces. Also 
effects and ""3 ^''^oC of the ja^vs 
*e cooperative dovvmvard m^^^^ maximum 

tends to give ^^^K^i'^Khy i"- 
down%vard Jinpelline force tt^^ 

creasing the V^flfl?'^^ ise of a wider 
the throughput and enables \ ^„ 

jaw angle .th^ebV ^"5 POS«W^ particles 
reduction in the ««« ^.^^ jock material 
Further, the «"den<^°'Jf^°j,«s is les- 
99 to pop out I the mass 

sened. In the ««ho^'^f,Sd 84 is relatively 
of the resonant bare » «"» j . members 
large as compared *^t"*"°;,„' increase the 
86.> 'J-l^i^'XCX^^r lateral 
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86 and 87 ^ncmscives 41 u 

drWc them from a smgle motor w th an ar- 
J ^rtical Md horizontal force compon- 

£^:ibt~of°Krr:i--^^^^^^ 

by graph Imes 105. ^^^^^jj 

i''%%^TVrStS /otSl driven 

are supported in ho^'»8 ^^'^J ^Ls 115 

tionally isolated j^d IH w^^^^ ,oca,e 
of isolator pads 110 ana jij j 

tie jaw members by J^^^-^^f ,S.Sotly vib- 
this embodiment, the '''"i^frf;^ two qua«l- 
xated in a wave pattern cwnpn^'^^ wo q 

rature related wav« ^'"^'^j^'^KSults in a 
tudinal axis of such r; 
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rgras'V^mpartd *n.h ^^^^^^ 'rudinal ^J^,^:;:^^ ^Vr^^niir. 

86°and 87. TWs^'KdCwa d or lateral S^^."'"^:^.^ ''^i.XXc ive clushing action 



required. „. ^ ^ ^ird embodl 

Referring "P^^'^^'^'invention is iHus- 
meni of the device^ me j^^^ 

trated. T^^'-'f^^S *e escalators 80 
65 previous embodiment in tnaitne 



acrion. Oscilbtor I'-'ts »u ana ^ 
pressfitted into the« a«oc.at«l^aw m^^.^ ^ 
Referrine now to ^if- ''/^d 8 wherein 
the embodiment »f J Tubular mem- 
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119 and 120 are welded to the sides of tubu- 
lar members 86 and 87 and are utilized to 
perform the crushing action rather than the 
sides of the tubular members. Odierwise the 
5 structure and operation are identical as des- 
cribed for the previous embodhnent. This em- 
bodiment has the advantage in that the jaws 
can be removed and repaired and replaced as 
neossary, thus avoiding the necessity for re- 
10 placing the elongated tube monbers them- 
selves. . 

The apparatus of this invention, thus by pro- 
viding a downward pumping action, in addi- 
tion to the sideways crushing action, affords 
15 the advantages of greater throughput and a 
capability for greater reduction in rock size 
in a single operation than heretofore possible 
and avoids the popping of rock material out 
from between the jaws with the vibratory 
20 crushing action. 
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WHAT I CLAIM IS:— _ 
1. A crushing apparatus compnsmg a pair 
of opposed crusher jaws, at least one of which 
is vSratory toward and away from the other; 
25 means for feeding material to be crushed be- 
tween said jaws; 

a vibration generator adapted to deliver a com- 
plex alternating output force; and 
an elastically vibratory wave transmission sys- 

30 tem comprising a longitudinally extending 
member of solid elastic material intercoupled 
between said generator and said vibratory jaw 
so as to receive said alternating force, under- 
eo corresponding elastic vibration and m- 

35 mrt vibration to said vibratory jaw; and 
means for drivmg said generator to produce 
a complex alternating force output which vib- 
rates said jaw tooth both in up and down 
directions and in a direction toward and 

40 away from the other jaw. . 

2. The apparatus according to daun i 
wherein said generator comprises a pair of 
orbiting mass oscillators and means for rotat- 
ing said oscillators in opposite directions at 

45 the same speed, said oscillators being phasally 
offset with respect to each other to generate 
both longitudinal and transverse phased force 
components in said wave transmission system. 

3. The apparatus acording to claim 1 where- 
50 in both of said jaws are vibratory toward and 

away from each other and wherein said gener- 
ator comprises separate oscillator means for 
each of said jaws, said elasticially vibratory 
wave system comprising a sunilar member of 
55 soUd elastic material intercoupW between 
each of said jaws and each of said oscillator 
means respectively, and means for drivmg saia 
oscillator means to cause vibration of said 
jaws in a substantially c ircular path. 



4, A crushmg apparatus comprising a pair 
of opposed crusher jaws, both of said crusher 
jaws bemg vibratory toward and away from 
each other, means for feeding material to be 
crushed between said crusher jaws, 
a vibration generator mounted on each of 
said crusher jawSj_ 

a separate elastic longitudinally extcndmg 
member of solid elastic material coupled to 
each of said crusher jaws, and 
means for driving said generators to cause 
complex vibration of saud crusher jaws to 
produce cooperative vibration thereof both to- 
wards and away from each other and coo^- 
atively in an upward and downward direction. 

5. The crushing apparatus according to 
claim 4 including a pair of mutually per- 
pendicular solid elastic members coupled to 
each of said crusher jaws, each of said elastic 
members forming a separate resonant vibration 
system with an associated crusher jaw to cause 
vibration of said crusher jaws in a substan- 
tially circular path. 

6. The crushing apparatus accordmg to 
claim 5 wherein one of the elastic members 
of each of said pairs thereof is evented ver- 
tically and the other of said elastic members 
are oriented horizontally. 

7. The crushing apparatus according to 
claim 4 wherein there are two tubular mem- 
bers positioned alongside each other and ea^ 
tubular member forms both one of said 
crusher jaws and the elastic member assoa- 
ated therewith. 

8. The crushing apparatus according to 
daim 7 wherein said generators compose 
orbiting mass oscillators mounted within each 
of said tubular members. 

9. The cn^ng apparatus according to 
daim 7 includmg removable jaw members 
attached to said tubular members. 

10. The crushing apparatus according to any 
preceding claim comprising a g^erator or 
generators capable of driving the jaw or jaws 
in such a way that the vibration of the jaw 
or jaws causes the jaw or jaws to have a 
downward movement during at least part 
of the time during which the jaws are mov- 
ing toward one another. 

11. Grushing apparatus substantially as des- 
cribed hereinbef (ffe and with reference to the 
embodhnent of Figures 1 and 2, <Hr of Figures 
5 or of Figure 6, or of Kgurcs 7 to 9. 
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